INTRODUCTION
A currently accepted model on the relationship between distribution and abundance of living organisms posits that the more spatially widespread a species is the more abundant it is likely to be (Brown, 1984; Hanski et al., 1993) . This pattern is thought to be explained by ecological specialization, where species with wider distributions are predominantly habitat generalists with a broad environmental tolerance (Brown, 1984; Lawton, 2000) . There is, however, limited empirical support for this theory (Hanski et al., 1993) , and there are examples of organisms that challenge this apparent rule (Louy et al., 2007; Habel & Schmidtt, 2012; Cassel-Lundhagen et al., 2013) .
The Northern pine processionary moth Thaumetopoea pinivora (Treitschke, 1834) (Lepidoptera: Notodontidae) is geographically widespread but locally rare (Cassel-Lundhagen et al., 2013) . The latitudinal range of this species extends more than 5,000 km but is very fragmented. T. pinivora is found in coastal areas in Northern Europe around the Baltic Sea and inland in Germany and Poland (Koch, 1953; Larsson, 2006) . In southern Europe it is restricted to few mountainous areas in France and Spain (Agenjo, 1941;  Rey (2,000 m, 37°22´N, 2°51´W). For every colony located, we sampled fi ve individuals, which were immediately preserved in 96% ethanol.
Genetic analysis of samples
Nine highly variable genetic markers, i.e. microsatellite loci, and a 633 base pair long fragment of the second part of the mitochondrial DNA gene, cytochrome oxidase I (COI) were analysed as described in Cassel-Lundhagen et al. (2009) , Ronnås et al. (2011) and Cassel-Lundhagen et al. (2013) . Estimates of allelic richness (AR), unique allelic richness (UAR), and observed (Ho) and expected (He) heterozygosity were calculated as described in Cassel-Lundhagen et al. (2013) . Because there were indications of null alleles, we estimated pairwise F ST values using the so-called ENA method, as implemented in the FreeNA software (Chapuis & Estoup, 2007) ; levels of signifi cance were estimated by means of bootstrapping (1,000 replicates) using the same software. To analyse the population genetic structure we also ran a Bayesian clustering analysis on the microsatellite data as implemented in BAPS 6.0 (Corander & Marttinen, 2006) to detect clustering of individuals, the method automatically estimating the number of clusters up to K = 12, the number of locations analysed. This analysis is useful when the sample size is low. Grouping of individuals with no prior information about sampling site was set as model condition.
Survey for new records
Looking for new records, we surveyed the scientifi c literature, as well as internet sites of amateur entomologists. Due to the widespread presence of the much more abundant species Thaumetopoea pityocampa (Denis & Schiffermüller, 1775) in Spain, we especially searched for records of the larval stage, information that usually also gave the host pine species from which these were collected, and we carefully checked the records pertaining to the adult moths. Whenever possible, we contacted the authors in order to confi rm the reliability of these records and collected information about the characteristics of the locality, especially the pine species growing at the site.
Some of the localities were visited in order to describe their physical characteristics (topography and height above sea level, etc.). When this was not possible, and when the information from collectors was unavailable, we used the databases of the Spanish Geographical Institute (www.ign.es) to examine such characteristics. The Spanish Geographical Institute provides high-resolution aerial photographs, allowing a broad-scale survey of the environment where any particular record was found. Furthermore, they also provide aerial photographs of the same sites taken in the mid20th century (1957) .
RESULTS

New records in Cortijo Casimiro population
During our search in Cortijo Casimiro in May 2013 we located six T. pinivora colonies, all individuals being third instar larvae, and all found feeding on P. nigra. We also identifi ed old signs of feeding from previous years in some trees, which were undoubtedly caused by T. pinivora based on comparison with those of the current year, and excluding a possible confusion with those of T. pityocampa because the typical tents were missing. This suggests that the population at Cortijo Casimiro is small but stable. All colonies behaved in agreement with the known biological features for the species across Europe. No record was found for T. pinivora feeding on P. sylvestris in Prados del Rey.
They also suggested that since that time, such stands have disappeared from many regions due to climate change and, more recently, intensifi ed forestry and agricultural activity (Stoate et al., 2001; Svenning, 2002; Rigling et al., 2013) . In other words, a major reason for the modern day distribution of T. pinivora may due to human-driven fragmentation of a previously more continuous distribution of the host plant.
In June 2012, a small colony (four individuals) of T. pinivora was found in Cortijo Casimiro (Sierra de Baza, Granada, SE Spain). This record was exceptional for three reasons. Firstly, it was 375 km south of the southernmost record (Torre el Val, Teruel) listed by Cassel-Lundhagen et al. (2013) . Secondly, the larvae were feeding on P. nigra J.F. Arnold, despite the fact that Sierra de Baza and the proximate Sierra Nevada maintain the two southernmost populations of P. sylvestris. According to the hypothesis of Cassel-Lundhagen et al. (2013) , P. sylvestris was the only host. Thirdly, the site was at a lower elevation (1,500 m) than expected for a southern location, as the previous fi ndings in central Spain were at 1,600-1,800 m (see Table 1 in Cassel-Lundhagen et al., 2013) . A record from the more southerly situated Sierra Nevada-Sierra de Baza would be expected to be even higher, possibly around 1,600-2,200 m, where the native subspecies of the Scots pine in Sierra Nevada and Sierra de Baza grows (P. sylvestris nevadensis D.H. Christ). Thus, this record challenged previous conclusions about the geographical distribution for the Northern processionary moth (Cassel-Lundhagen et al., 2013) and encouraged us to re-visit this matter.
In the present study, using high resolution molecular (DNA) markers, we initially genotyped individuals from this new locality and host plant, and compared the results with previous data in order to provide an updated picture of the newly found population in terms of its ecology and evolution. If the new location represents a part of the glacial refugia, we expected to fi nd high levels of genetic diversity and unique genetic variation. On the other hand, if the sample represented a cryptic species that exclusively used P. nigra as host, then we expected, more especially if the split had occurred in ancient times, to fi nd genotypes that differed signifi cantly from those found on P. sylvestris. Secondly, we searched the recent published scientifi c literature concerning records of T. pinivora in Spain looking for other new and/or neglected records of the moth. Lastly, we attempted to physically validate any new location from this literature survey with regard to the ecological features until now known for the species. The ultimate goal was to evaluate to what extent the conclusions reached in CasselLundhagen et al. (2013) are consistent with the new records from southern Spain.
MATERIALS AND METHODS
Collection of new samples
On 25-26 May 2013, we (AB, JAH, SL) searched for additional T. pinivora colonies in the area surrounding the 2012 location in Cortijo Casimiro (37°25´N, 2°51´W), totalling around 20 h of the most abundant tree species in the area, P. nigra. We also searched in a nearby P. sylvestris nevadensis stand at Prados del mtDNA All six individuals in the sample from Cortijo Casimiro (CC, site 29 in Table 3 ) had the same mtDNA haplotype, identical to haplotype number 5 (GenBank accession number JX243019) in the study by Cassel-Lundhagen et al. (2013) and found only in Torre el Val (TO, Teruel, site 14). It was also the predominant haplotype in that population (4 out of 5 individuals bearing it). In all other locations analysed by Cassel-Lundhagen et al. (2013) haplotype number 1 was predominant.
Microsatellites
Five alleles identifi ed as unique to a single population in Cassel-Lundhagen et al. (2013) were also found in this new location. Thus, the number of unique alleles was therefore two less in Mora de Rubielos (MO, site 12) and TO, and one less in Guadarrama (GU, sites 9-11) (all in Spain). One new unique allele was found in CC.
The level of allelic richness and unique allelic richness (adjusted for differences in sample sizes) did not, however, differ between CC and the other locations in Spain. The highest number of alleles was therefore still found in populations at site MO, while the unique allelic richness was equally high in three of the four Spanish locations (Table   1 ). The population at site CC was no more differentiated from the other locations than any of the other population pairs compared as illustrated in the pairwise F ST values and the Bayesian cluster analysis (Fig. 1, Table 2 ). Thus, the microsatellite data did not support the mtDNA data, which rather suggested a higher affi nity of population CC with TO.
New records in the literature survey Cassel-Lundhagen et al. (2013) reported subpopulations at 14 localities in Spain. The present study provides an additional 14, plus six recent records in previously known localities (Table 3) . Most of the new records (Fig. 2) were from sites situated in between the previous southernmost record of Torre el Val and the new one of Cortijo Casimiro, with the exceptions of Cóms de Das (Girona, NE Spain, site 18) and Navaleno (Soria, Central Spain, site 16). Most of the records were from moths captured in light traps (Table 3) . Given the fl ight capacity of the moth, especially the males, the capture site does not necessarily represent the habitat which the local T. pinivora population inhabits, so that all the conclusions referring to records of adults should be treated with caution.
Most of the new records were at the SE quadrant of the Iberian Peninsula, and almost all them were found only at 
DISCUSSION
From the new data as here collected, we show that T. pinivora is more widespread in Spain than previously reported by Cassel-Lundhagen et al. (2013) . However, the new data support previous conclusions that T. pinivora distribution is highly fragmented as a consequence of habitat fragmentation. The main support for this conjecture is the presence of T. pinivora in SE Spain only at sites where pine forest cover has been permanent for the past 50 years or so. Spain underwent dramatic deforestations for centuries, and most of the present forested areas in Spain were planted during the second half of the 20th century (Vallejo Fig. 1 . Results from a Bayesian cluster analysis using microsatellite data of T. pinivora collected across its range. The number of optimal clusters (K) were twelve when estimated in BAPS 6.0 (Corander & Marttinen, 2006) . The ID of locations are from Table 1 . , 2003) . Thus, the presence of T. pinivora in areas with forest cover in 1957 supports the view that they are relict populations, in agreement with the habitat loss and fragmentation hypothesis of Cassel-Lundhagen et al. (2013) . In other words, the scattered locations in SE Spain are not the result of recent colonization, but rather represent established populations that have become isolated as a consequence of massive deforestation for purposes of wood harvest, livestock and arable cultivation. However, even though less likely, the possibility that the current locations were in fact the only ones existing suitable for T. pinivora cannot be excluded. The lack of human exploitation in T. pinivora areas would thus account for the distribution of the species, although a more detailed genetic study would be necessary to further clarify the demographic history of the species and add support to this contention. The new genetic data does not take us closer to fi nding the missing location of the glacial refugium of the moth in Europe, but the information clearly indicates that larvae feeding on P. nigra do not represent a cryptic species. The mitochondrial haplotype identifi ed (these results) was identical to one population analysed by Cassel-Lundhagen et al. (2013) and found in the Teruel region (Torre el Val). This likely means that these populations share an evolutionary history that differs from populations at the other locations. However, the haplotype diversity does not show that the Cortijo Casimiro population has an older history than that of any of the other populations studied and nuclear (microsatellite) genetic diversity was similar to those from central Spain. This should, however, naturally be seen as a preliminary conclusion due to the small sample size.
The conclusions of Cassel-Lundhagen et al. (2013) on the location of the glacial refugium were based on P. sylvestris as the main host for T. pinivora. Although P. sylvestris is the only host of T. pinivora in Central and Northern Europe, and in some localities in central Spain, this is not the case in SE Spain. Here the species has rather been found in areas dominated by P. nigra or P. halepensis, and T. pinivora has been found to feed on P. nigra rather than on P. sylvestris. Hence it is uncertain whether the glacial refugium involved relict populations on P. sylvestris, on P. nigra, or on both. The link between P. nigra and the southernmost populations of T. pinivora argues that P. nigra may actually be the host in the still unidentifi ed refugium. If so, T. pinivora probably shifted to P. sylvestris before moving northwards. The lack of T. pinivora records on the southernmost populations of P. sylvestris agree with this view.
Conversely, more data are required from sites in which P. halepensis seems to be the only host available [an apparently similar shift in host has recently been described for the Spanish moon moth, Graellsia isabellae (Graëlls, 1849) in a restricted population at Sierra de María (Almería, SE Spain, Ibáñez-Gázquez et al., 2008 ; also M. Paracuellos and J.C. Nevado, pers. comm.)]. In the case of the Eastern processionary moth, this possibility requires confi rmation, however, since most of the new records were based on adults, and therefore the possibility of populations remaining on isolated trees of P. nigra or P. sylvestris cannot be ruled out. Adult moths, especially males, can fl y several kilometres, so that the place of capture may not give correct information as to the true habitat that the population inhabits.
Another issue concerns the suggestion by Cassel- Lundhagen et al. (2013) that the further south the population resides the higher its altitude. While the highest records in central and northern Spain relate to moths captured between 1,500-1,800 m, at the southernmost edge of the range all the records were for moths found at 700-1,500 m. This was despite the fact that suitable hosts are available in Table 3. many mountain ranges well above this elevation (and, in the case of Sierra de Baza, these woodlands all comprise of P. sylvestris). One possibility is that the altitudinal distribution of T. pinivora in SE Spain is not determined solely by climate and host plant but also by other factors as yet still unknown.
In conclusion, T. pinivora shows a wider host range than previously documented. Until now Scots pine, P. sylvestris, was considered to be almost the exclusive host, whereas our fi ndings suggest that P. nigra is more important than previously thought. Especially intriguing is the fi nding that the species was found on this host at a relatively low elevation at the southern geographic range edge. These new fi ndings open the way to a better understanding of the geographic distribution of the insect, and will affect how entomologists subsequently search for the still unidentifi ed glacial refugium, assuming it exists.
